The objective of this study was to compare the performance of a modern commercial broiler strain (Ross 308; RS) with that of two 1970s broiler strains (broiler strains 1 and 2) fed a drugfree low-protein or recommended-protein diet. All chicks were vaccinated on d 1 against coccidiosis using the edible immunocox gel vaccine (Vetech Laboratories Inc., Guelph, Ontario, Canada). Six hundred straight-run chicks of each strain were divided into 10 groups of equal weight and randomly placed in 30 floor pens. Five pens of each strain were randomly assigned to the recommended-protein or low-protein dietary regimen. The low-protein grower diet was used as the finishing diet (d 30 to 63). The BW gain (BWG) and FCR of the RS birds were better (P < 0.05) than those of broiler strain 1 birds by 35.6 and 12.2% and those of broiler strain 2 birds by 53.4 and 12.3%, respectively. The BWG and FCR up to 30 d of age were depressed (P < 0.05) regardless of the strain when the low-protein diets were fed to birds. The low-protein diets, however, depressed (P < 0.05) the overall (d 63) BWG of only the RS birds (3,992 vs. 3,771 g/bird). Therefore, the 1970s broiler strains compared with the RS strain had slower growth and performance, but were less sensitive to a decrease in dietary protein. The faster growth rate of the modern RS broiler strain compared with the 1970s strains was due to genetic improvement of the RS strain.
DESCRIPTION OF PROBLEM
The use of low-level therapeutic antibiotics to enhance growth performance in the poultry industry is a concern to consumers because some claim it may lead to antimicrobial resistance [1] . In response, an examination of methods to minimize or eliminate the use of growth promoters in the poultry industry is needed. A drug-free poultry meat market has recently gained attention in Europe and North America [2] [3] [4] . Governments in Europe are encouraging drug-free production methods, with the objective of satisfying consumer demand and encouraging the export of drug-free meat products [4] .
In North America, drug-free broiler meat is produced mainly using the fast-growing modern strains of broilers [5] . Growing earlier strains of broilers on drug-free diets can result in increased farm income and rural development [6] . However, drug-free broiler production can be confounded by the presence of bird infections, with coccidia (Eimeria spp.) and Clostridium perfringens together causing necrotic enteritis [7] . Hence, an effective vaccination program against coccidia, close monitoring of the flock for enteritis, a low stocking density [8] , and use of low-protein diets, which are associated with reduced incidences of necrotic enteritis [9] , may result in successful drug-free broiler production.
Selection for the high growth rate of modern strains of broilers has been accompanied by increased incidences of ascites syndrome, which is one of the major causes of broiler mortality [10] . Earlier strains of broilers are slower growing than their modern counterparts; hence, they may have lower incidences of ascites syndrome. In addition, earlier strains of broilers may be more resistant to infectious diseases than their modern counterparts [11] , making them more suitable for drug-free broiler meat production.
Some poultry breeders have preserved the random-breeding populations by using crosses of several of the early broiler strains as the base population [12] . Broiler strains 1 (BS1) and 2 (BS2), 2 broiler strains from the 1970s that are available for sale in North America, can be used to fill the niche market for drug-free broiler meat in Canada and the United States. However, there is a lack of information on the effect of feeding drug-free low-protein diets on the performance and health of these earlier strains of broilers. The objective of this study was to compare the management and live performance of a modern broiler strain (Ross 308, RS) with 2 strains of 1970s broilers fed drug-free low-protein diets.
MATERIALS AND METHODS

Strains and Management
Six hundred straight-run 1-d-old chicks from each of the RS and the BS1 and BS2 were received and housed in an environmentally controlled poultry research barn at the Animal Science Department, University of Manitoba, Canada. The BS1 is a New Hampshire-sized Bronze (red) Ranger, whereas the BS2 is a cross between the Bronze Ranger and Grey Ranger. Both the Bronze Ranger and the Grey Ranger originated from Europe and are probably descendants of the "Label Rouge" chickens. The RS, BS1, and BS2 birds were obtained from Carlton Hatchery [13] , Poultex Inc. [14] , and B & B Agriculture [15] , respectively. The birds were all hatched and transported to the University of Manitoba on the same day. The chicks of each strain were divided into 10 groups of equal weights and numbers, and they were randomly placed in 30 experimental pens in the broiler barn. Pen size was 6.3 m 2 (4.2 × 1.5), and wheat straw was used as a litter base. Barn temperature was maintained at 30 to 32°C for the first week and then decreased by 2.5°C every week to reach 20 to 22°C at 28 d of age. Feed and water were supplied ad libitum throughout the experiment. in the middle of the pen at 8, 17, and 31 d of age by cutting and collecting 2 pieces (samples) of 5 × 5 cm of litter from the top to the cement floor surface, and oven-drying the samples at 60°C.
Mortality and Gut Scoring
All mortalities were collected every day and submitted to the Veterinary Diagnostic Service of Manitoba Agriculture, Food and Rural Initiatives in Winnipeg for postmortem examination. One bird from each pen was randomly selected and killed by cervical dislocation to score the gizzard, upper-and mid-intestine villi, and Eimeria spp. oocytes at 16 and 30 d of age. Gizzard ulcer and hyperkeratosis and gut villi lesion scores were marked from 0 to 4 to indicate an increase in lesion score, where 0 is none, 1 is occasional, 2 is few, 3 is quite a few, and 4 is many. The oocyte scores were marked 0 to 5, indicating none, occasional, few, quite a few, many, and too many, respectively. This method was developed by a private poultry veterinarian, and it is used by the same veterinarian to score commercial organic (drug-free) flocks in Manitoba, Canada.
Statistical Procedure
Statistical analyses were performed using the GLM procedure of SAS for Windows [21] . Body weight gain and FCR for diet and strain effects were compared using factorial design analyses. The influence of diet, strain, and sex on flock uniformity was determined by calculating the CV (%) for each pen of birds based on diet, strain, and sex. The percentage values of CV were subjected to arcsine transformation and were used to compare the uniformity for each treatment and the treatment interactions. Tukey's test was used to compare treatment means when more than 2 means were to be compared, whereas the t-test was used to compare treatment means when 2 means were compared. The differences were considered significant at P < 0.05.
RESULTS
Diet Composition
Diet composition data are presented in Table  1 . The analyzed CP values of the diets approximated the expected values.
Litter Moisture
Litter moisture data are presented in Table 2 . The LP diet significantly (P < 0.05) reduced the litter moisture in the middle of the pen. Litter moisture was higher (P < 0.01) by the drinker and in the middle of the pen in pens with RS birds than in those with BS1 or BS2 birds. Litter moisture by the drinker and in the middle of the pen were significantly increased (P < 0.01) as the birds aged. There was an interaction (P < 0.001) between strain and diet on litter moisture by the drinker such that the moisture increased with an increase in dietary level of protein for RS and BS2, and decreased with an increase in dietary level of protein for BS1. There was also an interaction (P < 0.05) between strain and age for litter moisture in the middle of the pens such that the litter moisture content was highest for RS, followed by BS1 and then BS2 at 17 and 31 d of age, but not at 8 d of age, when litter moisture was similar among the strains (Figure 1 ).
Growth Performance
The BWG of RS, BS1, and BS2 birds fed the RP and LP starter and grower diets and a common finisher diet for all periods are reported in Table 3 . The BWG of the RS strain for all measured periods was higher (P < 0.05) than those for BS1 or BS2 birds. The BWG of BS1 birds was greater (P < 0.05) than that for BS2 birds during all periods. The BWG of all 3 strains was depressed (P < 0.05) when birds were fed the LP starter diet up to 16 d of age and grower diets from 16 to 30 d of age. The BWG did not change (P < 0.001) during the finisher phase (from 30 to 63 d) because of feeding the LP starter and grower diets. The live BW (LBW), however, remained depressed because of feeding the LP starter and grower diets for RS, BS1, and BS2 birds up to 63, 35, and 49 d of age, respectively (data not shown). There was an interaction (P < 0.001) between strain and diet on BWG during the first 30 d of the experiment such that feeding an LP diet compared with feeding an RP diet resulted in a greater reduction in BWG for RS birds than for BS1 or BS2 birds. The reduced BWG caused by feeding the LP starter and grower diets to all 3 strains from d 1 to 30 was reflected only in RS birds for the whole experimental period (1 to 63 d of age).
The flock uniformity was similar for birds fed the LP or RP diets (CV%, 10.8 vs. 10.4; data not shown). The RS birds and the BS1 birds had a similar uniformity at 63 d of age (8.3 vs. 8.8%, respectively), whereas the uniformity of the BS2 flock was poorer (CV%, 14.7; P < 0.01) than that for the other 2 strains (data not shown). The pooled SEM for the CV was 0.47% (data not shown).
FCR
The average FCR for RS, BS1, and BS2 birds fed LP or RP starter and grower diets and a common finisher diet are reported in Table 4 . The average FCR was better (P < 0.01) in RS birds than in BS1 and BS2 birds for each period and for the overall period. The birds fed the LP starter and grower diets had poorer (P < 0.01) FCR when compared with birds fed the RP diet up to 30 d of age. The FCR was better (P < 0.05) for the LP diet than for the RP diet after d 49, regardless of strain. There was an interaction (P < 0.05) between strain and diet on FCR during the first 30 d of the experiment such that feeding the RP diet, compared with feeding the LP diet, resulted in a greater improvement in FCR for the RS than for the BS1 or BS2 strains.
Mortality and Causes of Mortality
The relative cause of mortality and percentage of mortality of the flock as influenced by strain and diet are reported in Table 5 . Although all chicks were vaccinated against coccidia, an outbreak of coccidiosis or necrotic enteritis was diagnosed, resulting in the loss of 14 out of 56 birds and 5 out of 56 birds from 2 adjacent pens of BS2 birds at 30 to 33 d of age. For this reason, all birds were treated with a double dose of Medivit The total mortality and mortality attributable to coccidiosis or necrotic enteritis was higher (P < 0.05) for BS2 birds than for RS or BS1 birds. The RS or BS1 birds were, however, similar in both total mortality and mortality attributable to coccidiosis or necrotic enteritis. Mortality attributable to necrotic enteritis tended to be higher (P = 0.0608) for the LP diet than for the RP diet. The other causes of mortality, as indicated by sudden death syndrome, dehydration, tibial dyschondroplasia, ascites, ostiomyelitis, or other unknown causes, were not different because of strains or diets. The upper, middle, and lower gastrointestinal tract villi lesion scores and oocytes scores, but not gizzard hyperkeratosis, were higher (P < 0.0001) at 30 d than at 16 d of age, when the scores were less than 1 ( Table  6 ). Gizzard hyperkeratosis; upper, middle, and Values with different superscript letters within each column and main effect are significantly different. 1 RS = Ross 308 strain; BS1 = 1970s broiler strain 1; BS2 = 1970s broiler strain 2. 2 RP = recommended-protein starter and grower diets fed to 16 and 30 d of age; LP = low-protein starter and grower diets fed to 16 and 30 d of age. All birds were fed the LP grower diet as a finisher from 30 to 63 d of age. *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001. lower gastrointestinal tract villi lesions; and oocyte scores were, however, unaffected by strain or diet at 16 or 30 d of age as evidenced by the lack of interactions between age and diet or strain (Table 6 ).
DISCUSSION
Litter moisture was higher for RS birds than for BS1 or BS2 birds, which could have been due to the higher LBW, and hence stocking density (LBW per unit area), for RS birds than for BS1 or BS2 birds. The increase in litter moisture with the increase in bird age and dietary protein level could also have been due to an increase in LBW with age and dietary protein level. were not great enough to cause differences in litter moisture. In general, litter moisture was below 35%, which is the upper limit for acceptable litter moisture content in a broiler barn [23, 24] .
The average LBW mean (grams per bird) ± SEM of RS birds fed RP diets were 1,530 ± 28, 1,857 ± 34, 3,014 ± 62, and 4,033 ± 51 at 30, 35, 49, and 63 d of age (data not shown), which is an excellent growth rate for this strain based on the Ross broiler management guide [25] . The RS birds were approximately 35 and 53% heavier than the BS1 and BS2 birds, respectively. Different growth potentials for different strains have been reported previously [12, [26] [27] [28] [29] [30] .
The BWG of all 3 strains of birds was reduced by feeding the LP starter diet (0 to 16 d of age) and the LP grower diet (16 to 30 d of age). The effect of dietary protein on broiler performance was reported by Fraps as early as 1943 [31] . Parsons and Baker [32] found a positive growth rate attributable to increased dietary protein levels. In the current study, however, the magnitude of reduction in performance attributable to the reduction in dietary CP was greater for the RS strain than for the BS1 or BS2 strains, resulting in an interaction between strain and dietary CP level on BWG. In addition, this initial CP effect on BWG and LBW was carried over for RS birds only to 63 d of age. It is possible that the RS birds were more sensitive to a low dietary protein level than their 1970s counterparts, and that the 1970s strains had a lower nutrient requirement than the modern strain or were more capable of compensatory BW at the later age. Smith et al. [33] and Smith and Pesti [34] also reported a greater magnitude of reduction in the growth performance of a high-yielding strain of broilers than in a low-yielding strain attributable to a decreased level of dietary CP. In contrast, Fanatico et al.
[30] reported a greater reduction in perfor- mance because of a reduction in dietary CP for earlier strains than for a modern high-yielding strain, which they attributed to the higher capability of the latter to ingest more feed. It should, however, be noted that diets used in the study of Fanatico et al. [30] were formulated to be low in both energy and CP, whereas those used in the current study and those used in the studies by Smith et al. [33] and Smith and Pesti [34] were low only in CP. Feed intake for diets with a low energy concentration can be higher than that for diets with a high energy concentration, leading to a higher intake of nutrients (such as protein), and hence higher performance for the former than for the latter.
The RS birds overall (1 to 63 d of age) were approximately 12% more efficient in feed-togain conversion than the 1970s birds. Selection of birds during the last 3 decades has drastically improved the FCR of broilers, as reported by Hulan et al. [35] . The FCR improved with increased dietary CP level during the first 30 d of experiment, and like BWG, the improvement was greater for the RS strain than for the BS1 or BS2 strain. This is in agreement with the results of Havenstein et al. [12] , who reported greater improvement in FCR for RS 308 of 2001 than for an Athens-Canadian randombred control from hatch to 42 d of age when the dietary protein level was increased. The FCR of birds after d 49 was better for the LP diet than for the RP diet, which shows a potential benefit for roasters to slow early growth caused by reduced dietary protein concentration.
The outbreak of coccidiosis or necrotic enteritis on d 30 of the experiment, which was diagnosed by a high oocyte score, may have occurred because the gel vaccine did not fully protect the chicks against coccidia in this study. McDevitt et al. [8] reported that necrotic enteritis is a continuing challenge for the poultry industry when drug-free diets are fed, and this requires a postmortem examination of all mortalities. In the present study, almost 48% of all mortalities were related to coccidiosis or necrotic enteritis, 75% of which occurred in BS2 birds. It seems that the outbreak of coccidiosis or necrotic enteritis in BS2 birds was the main cause of mortality differences between the strains determined during the whole experiment, and it could also in part Values within each column and main effect with different superscript letters are significantly different (P < 0.05). 1 Values are percentage of total live birds (corrected for all birds taken out periodically for organ weights, gut scoring, or processing). 2 Values are bird losses expressed as a percentage of the total number of birds dying in the trial from 3 to 63 d of age. 3 explain the poor uniformity of BS2 birds. The 11.5% mortality for the whole flock during the 63 d of the study, however, was a normal occurrence, with a quick control of necrotic enteritis with a double dose of Medivit treatment for 3 d.
The higher incidences of coccidiosis or necrotic enteritis in the current study could have been due to a poor coccidiosis vaccination response as a result of the low litter moisture content. Immunity develops in birds after vaccination if the birds are repeatedly reinfected by oocytes in litter originating from the vaccine [36] . Litter moisture is critical for oocyte survival and sporulation [37] . Adequate litter moisture ranges from 25 to 35% in a well-managed broiler house [23] . In the current study, the average litter moisture content at 8 d of age was 12.6 and 7.6% by the drinker and in the middle of the pen, respectively, which might have been too low for survival and sporulation of vaccine oocytes. An increase in dietary protein level tended to reduce incidences of necrotic enteritis, which is in contrast to the results of Drew et al. [9] , who reported reduced incidences of necrotic enteritis in broilers because of a reduction in the dietary protein level. The growth of C. perfringens, which causes necrotic enteritis [7] , is expected to increase with an increase in dietary protein level because of the increased availability of protein for growth of the microorganism in the intestinal lumen [9] . In the current study, the failure of the LP diet to reduce the incidences of necrotic enteritis could possibly have been due to the lower litter moisture content for birds fed the same diet (LP diet). Moisture is required for oocyte survival and the sporulation of oocytes (in litter) originating from the vaccine [37] . The higher incidences of coccidiosis or necrotic enteritis in BS2 birds than in RS or BS1 birds could also have been due to the lower litter moisture content for the former.
The upper, middle, and lower gastrointestinal tract villi lesion scores and the oocyte lesion scores were higher at 30 d than at 16 d of age, which could have been due to the outbreak of coccidiosis or necrotic enteritis at 30 d of age. 
